INTRODUCTION
Natural killer (NK) cell activity is a unique cell-mediated mechanism that requires no presensitization.
It has been found to exist in man and in various animal species including mice, rats, hamsters, and guinea pigs (1 -3) .
On the basis of their natural occurrence, cytocidal effects in vitro, and high concentrations in athymic nude mice and thymectomized mice and rats, Herberman and Holden (1) suggest NK cells to represent an important alternative for immunosurveillance against malignancies. Normal spleen cells of rats and positively selected NK cells of mice were found to prevent tumor growth in vivo (4, 5) . Also a high positive correlation between NK cell activity in vitro and tumor resistance in vivo in mice was reported (6) .
NK cell activity in rats and mice can be augmented by various agents including BCG and C. parvum; also, the inoculation of tumor cells can cause an increase in NK activity (1, (7) (8) (9) . The negative influences of tumor cells on host NK cell activity, however, seem to be more important, as animals bearing established tumors express a lower cytotoxic activity than control animals (3, 10) . Experimentally, NK cell activity can also be augmented by interferon or interferoninducing agents like poly I:C, lymphocytic choriomeningitis virus (LCMV) and Killham rat virus (8) . In general, the boosting effect on NK cell activity lasts for only a few days.
NK cell maturation and differentiation in mice appear to be thymus independent since both thymectomized and congenitally athymic (nude) mice express spontaneous NK cell activity (11, 12) . However, the thymus has an important influence on NK cell activity, as athymic mice have increased activity. Also, neonatally and adult thymectomized rats have higher spontaneous cytotoxicity than thymusbearing controls ( 13) .
The NK cell of the rat resembles the NK cell of the mouse as it is a small nonphagocytic nonadherent lymphocyte which has Fc receptors but lacks complement receptors and surface immunoglobulins (13) (14) (15) . Similarly to that in the mouse, NK cell activity in rats depends on the age of the animals, with low activity at birth, reaching a platform at a certain age, followed by a decline (4, 14) . Strain differences as great as in mice were not found in rats (4) . Also, environmental inlhrences seem to be of little importance, as no differences in activity were found between conventional and germ-free rats (4, 14) .
Recently the athymic nude rat became available for immunologic and oncologic studies (16) . Similar to that in the nude mouse, a depletion of the thymusdependent areas in the spleen and lymph nodes was observed. In contrast with the nude mouse, no alterations were found in the endocrine organs explaining the fertility of both sexes (17) . The nude rat has absent T-cell function and a normal B-cell response. This was demonstrated by the failure to reject skin allografts, the absence of a delayed-type hypersensitivity reaction to tuberculin, the inability to generate an antibody response to the thymus-dependent antigens tetanus toxoid and ovalbumin, and the unresponsiveness of spleen cells upon stimulation with the mitogens phytohemagglutinin and concanavalin A. Against the thymusindependent antigen E. coli lipopolysaccharide, no reduction in the antibody response was found (18) . Finally, the nude rat has enhanced macrophage activity as demonstrated by the increased phagocytosis and clearance of Listeria monocytogenes (19) . In this investigation the natural cell-mediated cytotoxicity of cells from the spleen, mesenteric lymph node, and peritoneal cavity of nude rats was investigated and compared with the activity of cells from their thymus-bearing littermates. As viral infections may enhance NK cell activity, sera of rats were tested for antibodies against frequently occurring rodent viruses.
MATERIALS AND METHODS
Animals. The origin of the athymic hooded rats used in this study was the breeding nucleus at the MRC Laboratory Animals Centre, Carshalton, U.K. Homozygous and heterozygous animals were produced in the institute by mating rnulrnu males with +/mu females. The animals were bred and, after weaning, kept under conventional conditions with strictly hygienic isolation. For each experiment, comparisons were made with heterozygous littermates.
Effector cells. All effector cell populations from spleen, mesenteric lymph node, and peritoneal cavity were prepared using sterile techniques. Spleen and lymph node cells were harvested by pressing organ fragments through sterile nylon gauze (100 pm) with the continuous addition of Hepes-buffered RPMI-1640 medium supplemented with penicillin (100 III/ml), streptomycin (100 pg/ml), and 10%
heat-inactivated fetal calf serum (all from GIBCO, Grand Island, N.Y .>. This will be referred to as complete RPMI-1640. Peritoneal cells were harvested by massage of the peritoneal cavity after the injection of 5 ml cold Hanks solution (without Ca2+ and Mg2+). The harvested suspension was reinjected two or three times. This total procedure was repeated once. After isolation, the cell suspensions were transferred to siliconized tubes and stored on melting ice. After centrifugation the pellets were resuspended in complete RPMI-1640.
Pellets of spleen cells were treated with I$0 (0.3 ml) for 10 set to lyse erythrocytes. This process was stopped by adding 5 ml complete RPMI-1640 medium. Viable cells were counted in a Biirker-Turk chamber by the dye exclusion method using trypan blue. The cytotoxicity was determined in the total, adherent, and nonadherent cell populations. To obtain the last two cell populations, the total population of each effector to target cell (E:T) ratio was divided into an adherent and a nonadherent fraction. For that purpose the cell populations were incubated for 2 hr at 37°C in flat-bottomed removable polystyrene wells in tempex trays (Removawell System, Microtiter, Dynatech Companies, Zug, Switzerland). By vigorously pipetting, the nonadherent cells were collected and transferred to an empty well of the microtiter tray. The cytolytic assay was carried out with cell populations of individual animals; for each cell population and at each E:T ratio, the assay was carried out in duplu. The effector cells were, depending on the number of cells available, investigated for cytotoxic activity at E:T ratios of 100, 70, 50, and 10.
Tumor target cells. YAC cells of an in vitro grown murine cell line of AiSn Moloney leukemia origin were used as target cells (12) . For labeling, 100 &i radioactive sodium chromate ("'Cr) in a 0.9% sodium chloride solution (Radiochemical Centre, Amersham, U.K.) was added to 1 x lo6 YAC cells in 0.1 ml complete RPMI-1640. The labeling time was 45 min at 37°C in a water bath with a rocking platform. After labeling, the cells were washed five times in Hanks solution (without Ca2+ and Mg2+) or complete RPMI-1640 and the number of viable cells was determined by the dye exclusion method.
Cytolytic assay. To reach an E:T ratio of, respectively, 100, 70, 50, and 10, a total of 1 x 106, 7 x 105, 5 x 105, and 1 x IO5 viable effector cells in 100 ~1 complete RPMI-1640 medium was added to the wells of microtiter trays. After dividing the total population into an adherent and a nonadherent fraction (see the preceding), 1 x lo4 viable 51Cr-labeled target cells in 100 ~1 medium were added to each well. After centrifugation at 1300 rpm for 1 min, the trays were incubated for 4 hr at 37°C in a humidified atmosphere of 5% CO, in air. After a second centrifugation, half of the supernatant (100 ~1) was transferred to empty wells of microtiter trays. As the radioactivity was measured the next day, microtiter trays were stored overnight at 4°C. Next, wells of the microtiter trays were removed and transferred to measuring tubes. The radioactivity was determined in a y counter and expressed as counts per minute (cpm).
The spontaneous release of 51Cr-labeled tumor target cells was calculated by incubating the tumor target cells in medium alone (1 x IO4 cells in 200 ~1). The release was calculated according to the following formula:
x 100. Wilcoxon test was used to calculate one-sided significances of differences between values for rnulrrzu and +/mu rats.
RESULTS
The spontaneous killing activity of spleen cells was found to be relatively high in the total cell population ( Table 1 ). The killing activity of each individual animal was dependent on the E:T ratio, being high at a ratio of 100 and very low at a ratio of 10. The activity in the nonadherent fraction was almost as high as in the total cell population, while the activity in the adherent cells was low. For almost each E:T ratio in all three cell populations, a significantly higher activity was found in the mu/mu rats than in their +/mu littermates. NK activity in the nonadherent fraction of mu/mu rats was 50-60% higher than that of their heterozygous littermates.
Since an insufficient number of cells was obtained, peritoneal cells were investigated only at E:T ratios of 70 and 10. NK activity of mu/mu rats was significantly higher in the total population and in the adherent and nonadherent fractions at both E:T ratios (Table 2) . At an E:T ratio of 70, the nonadherent fractions showed almost the same activity as the total population. However, in comparison with the spleen cells, a marked activity was also present in the adherent cells of both +/mu and mu/mu rats at an E:T ratio of 70. At an E:T ratio of 10 in the mu/mu rats, a relatively high activity was present, which was caused by a high activity found in one of the four animals. Spontaneous killing activity in the nonadherent cells of mu/mu rats at E:T ratios of 70 and 10 was doubled and quadrupled, respectively, compared with the activity in +/mu rats.
Mesenteric lymph node cells of lo-week-old +/mu rats had a very low or no detectable killing activity (Table 3) . Because of the use of only three +/mu animals and the great differences with the mu/mu animals, the experiment was repeated with 8-week-old rats. The results of this second experiment, as shown in Table 4 , were equal to the results of the first experiment. In particular, the high activity in the mu/mu rats is striking, with values that are one order of magnitude higher than those found in +/mu rats. In the adherent fraction of +/mu rats, no activity was measured, whereas mu/mu rats expressed a very low activity.
In none of the animals tested were antibodies detected against viruses fre- n Individual values and means 2 SD of 9-week-old male +lrnu and rnulrnu rats. Since an insufficient number of cells were obtained, E:T ratios of 100 and 50 were not investigated. *P < 0.05. 
DISCUSSION
Natural cell-mediated cytotoxicity was found to be present in both +/mu and rnulrnu rats. We investigated the total cell population and the adherent and nonadherent fractions of this population.
In general, the nonadherent fraction expressed a spontaneous killing activity which was somewhat lower than the activity in the total population. Because of the method used, this could be due to an incomplete separation of the adherent and nonadherent cells. Comparing the killing activity of the different organs from mu/mu rats, the highest activity was found to be present in the peritoneal cells; spleen and mesenteric lymph node both expressed lower but considerable activity. This is in contrast with the nude mouse, where the peritoneal cavity showed a very low activity and the mesenteric lymph node showed a higher activity than the spleen (11) . Probably species differences are involved. In +/mu rats the highest activity was found in the peritoneal cells and lower but still considerable activity in the spleen cells, whereas lymph node cells had a very low activity. Nude rats expressed, in spleen, peritoneal cavity, and mesenteric lymph node, a significantly higher cytotoxic activity than their thymus-bearing +/mu littermates at almost every E:T ratio. So, in general, the situation is similar to that in nude mice, which also express a higher spontaneous cytotoxicity compared to normal mice or heterozygous +/nu mice (11, 12) . Also, in thymectomized rats the absence of the thymus was found to increase the NK cell activity (13) .
The percentage specific release we found in nude rats was twofold the release found in thymectomized rats. This difference is probably caused by the use of different target cells, as the percentage increase in the spleen of nude rats was comparable to the increase in thymectomized rats, and even comparable to the increase reported for nude mice (12, 13) , although greater differences between normal and nude mice have also been reported (11) .
Our data concerning the spontaneous cytotoxic activity in the spleen of rats confirm the results of others (13) (14) (15) . A high natural cytotoxicity has also been found to exist in the spleen of mice (1 l), guinea pigs (2), hamsters (3), and man (1) .
In contrast to the low but detectable cytotoxic activity reported for peritoneal cells of mice and rats (4, 11, 14, 15) , we found the highest activity in this cell population. Also, comparing our results with literature about rats, we found relatively high cytotoxic activities. The reason for these differences is not clear, but could be due to strain and target cell differences, although strain differences in rats were reported not to have a great influence on the NK cell activity (4) .
After dividing the total cell population of the peritoneal cavity into an adherent and a nonadherent fraction, a striking cytotoxic activity was found to be present in the adherent fraction (Table 2 ). In mice, Tracey et al. (7) found a very low cytotoxic activity in the adherent population of peritoneal cells. In our assays, some contamination of nonadherent cells was always present. However, in assays with spleen and lymph node cells a very low activity was found (Tables 1, 3 , and 4). The cause of this high activity in the adherent cells of the peritoneal cavity could be the presence of natural cytotoxic macrophages.
At the time of the cytolytic assay with mesenteric lymph node cells, the animals were 1 week older than in the assays with spleen and peritoneal cells. Low or almost no detectable activities were found in the +/mu animals. As, for mice and rats, an age-related decline of NK cell activity has been reported (4, 11, 14) and this decline in rats can be completed in 1 week (14) , the experiment with mesenteric lymph node cells was repeated with animals of a younger age. In the second assay, performed with animals 8 weeks of age, similar results were obtained as with animals 10 weeks of age. So it is concluded that, for that particular age (8-10 weeks), the NK cell activity in the mesenteric lymph nodes of +/mu rats is very low. This confirms the results of several authors who also found a low activity in lymph nodes of rats (4, 14, 15) . The difference between the activity in the mesenteric lymph node of +/mu and mu/mu was extremely great. This could be due partly to the general difference which was found between the +/mu and mu/mu rats, but also age influences could play a role, as it is known that the age-related decline of NK cell activity in nude mice appears to be a gradual process with persistence of activity for longer periods of time (1) . So it would be useful to investigate the influence of age on the NK cell activity in the +/mu and mu/mu rat.
